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Introduction
This study investigated the affect the ketogenic diet had on a series of health markers (blood pressure, weight loss,
blood sugar, and much more.

Conclusions

- The ketogenic diet likely has greater satiety than a low fat diet.
- The ketogenic diet leads to greater weight and fat loss than a low fat diet.
- The ketogenic diet decreased lean mass more than a low fat diet.

cholesterol, or triglycerides over 6 months, with weight loss.

- The ketogenic diet does not negatively affect blood pressure, blood sugar, insulin, leptin,

Amendments
The ketogenic diet group maintained ketosis only for the first 3 months of their diet intervention, not the full 6 months.

Study Design & Additional Information

This study was designed using only women
who were overweight (but weight stable -
defined as not gaining or losing more than 10%
of their bodyweight in the last 6 months), but
largely healthy. 20 participants were put into a
low fat group with the expressed instructions to
limit kcalorie intake to below maintenance (~
450 kcalorie deficit). 22 participants finished the
study as the ketogenic diet (low carbohydrate)
group that was not expressly instructed to
reduce energy consumption. Participants
worked with two dietitians over the first 3 month
period and participants met with counselors
over the weeks going over their nutrition
tracking for the week. The final 3 months the
participants were not given weekly check ins
(making the study last a total of 6 months).
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the effects of a very low carbohydrate diet on body composi-
tion and cardiovascular risk factors. Subjects were random-
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group lost more weight (5.6 = 10es 8.9 = 1.0 kg P < 0.001) and

more body fat (4.5 = (67 ps, 2.0 = 0,756 kg P < 00011 than the low

fat diet group. Mean levels of blood pressure, lipids, fasting
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Although all

over the course of the study, there were no differences ob-
served between the two diet groups at 3 or 6 months. i
in the very low car-

and re nssessed at
baseline, 3 months, and & months. Fifty-three healthy, obese
female volunteors (mean body mass index, 33,6 = 0.3 kg/m®)
were randomized; 42 (79%) completed the trial. Women on
both diets reduced calorie consumption by comparable
amounts at ¥ and 8 months, The very low carbohydrate diet

HE INCIDENCE OF obesity in the United States has
risen continuously over the last several decades, and
the associated medical and economic cosls 1o society are
substanti 3). Despite considerable desire on the part of
abese individuals to lose weight (4) and the clear health
benefits of doing so (3), there are currently no proven, ef-
fective approaches for meaningful and long-term weight loss.
for most overweight individuals (2). Dietary strategies sup-
ported by the majority of phys and dietitians, which
emphasize restriction of fat intake, are associated with only
modest weight loss and poor long-term compliance (6, 7).
Given these difficulties and the popular demand for effective
wedght loss methods, it is notsurprising that a number of diet
plans have been developed outside the medical and nutri-
tional mainstream that are marketed directly to the public as
weight loss strategies.

The very low carbohydrate, high protein diet, promoted
extensively by Atking and others, is one of the most popular
of the alternati ceight loss approaches (8). The central
rationale of this diet is that severe restriction of dietary car-
bohydrate {<10% of daily caloric intake), with its resulting
ketosts, lipid oxidation, satiety, and | sed en-
ergy expenditure, factors that should promate negative en-
ergy balance and weight loss (8). However, these purported
responses to very low carbohydrate feeding have not been
established. Furthermore, as studies that severely restrict
carbohydrate intake have all been of short duration (Le. <6
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bhydrate group at 3 months (P = 0,001). Bused on these data,
& very low carbohydrate diet is more effective than a low fat
diet for n'hnw}'m l‘alght Imu& an over 6 mnntlm. is mot ne-
sociated with d

risk factors in healthy women. iJ Clin Endocrinol Metab 88;
168171623, 2003)

wk) (9-16), the dinical benefits of ketogenic dicts are
unproven

Because low carbohydrate diets derive large proportions
of calories from protein and fat, there has been considerable
concern for their potentially detrimental impact on cardio-
vascular risk (17). Increased consumption of fat, particularly
saturated fat, has been linked to increased plasma concen-
trations of lipids {18}, insulin resistance, ghicose intolerance
(19, 20), and obesity (21, 22). Therefore ssible that
many Americans could actually suffer adverse alth effects
by using very low carbohydrate diets in an attempt to lose
weight. To evaluate the effects of a very low carbohydrate
diet on weight loss and cardiovascular risk factors, we ran-
domized 53 healthy obese women to 6 months of a very low

t diet or a cal cted, Jow fat diet con-
forming to the guidelines currently re el by the
American Heart Association and other expert panels (23).

Subjects and Methods
Suhjects

r-m\ three 1:‘,\\\ females were recruited by advertisement and ran-
b
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1. Very low carbohydrate diets increase ketosis (ketone production), increased fat oxidation
("burning”), satiety, and increased energy use.

2. Researchers recruited enough participants (all women) to have 20 to 25 people in each group.
The two groups were a "high carb, low fat" group and "very low carbohydrate, high fat diet
(ketogenic style)" group. Participants were overweight, but had not lost or gained more than
10% of their bodyweight in the last 6 months, making them "weight stable" and had to be in
generally good health with no health abnormalities.
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Assessments

Subject assessments were conducted at the General Clinical Research
Center of Cincinnati Children’s Hospital Medical Center by trained
research nurses. Subjects were screened by medical history and mea-
surements of height, weight, blood pressure, and fasting ghucose, and
cach was given an Blood pressure
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eant interaction between diet and time, Body weight, biochemical pa-
ramvetirs, aned DEXA measurements were analyzed for the 42 subjects
who completed the study (e those for whom follow-up dats were
availablel, Body weight was abso analyzed for the entine randomized
cohort. In this intention to treat analysis, the initial weights for the
subjects vha withdrew from the study were used as their follav-up

were made by auscultation using an appropriate size cuff with the
sabict saate quietl. Individuae maoing the creka for ey par-
ticipation wese enrolled in the study by the research assistant or the
principal investigator, Subjects gave a sample of fasting bood and had
ody fat measured by dual energy s-ray absorpticenetry (DEXA] using
a total body scanner (45004, Hologic, Inc., San Frandsco, CA). DEXA
seans were conducted at the bedy composition core laboratery of the
General Clinical Research Center by tramed technicians. Each of thess
messures was repeated after 3 and & months of diet

Study diets

‘The primary objective of the study wvery
low diet and a cal icted, low fat diet on body
mmpw.lrum and cardsovascular risk factors. nm&n\r after each block
af subjects 4, the principal used a rancdom num-

ber lal\le bo randomly assign those subgects to ome of two diets, One
group of dm:rs wis instructed o follow an ad Lt diet with a

weights at 3and Data
are presented a5 the mean and s unless designated otherwise.

Results

Subjects

Subjects were recruited through advertisements from May
2000 through January 2001, Fifty-three obese females (13
African-Americans and 40 Caucasians) were enrolled in the
study, Vol were enrolled in 3 successive groups of 14,
20, and 19 subjects at 3- to 4-month intervals. Forty-two of the
53 subjects (79%) completed the 6-month study, with 4 drop-
outs from the very low carbohydrate diet group and 7 drop-
outs from the low fat diet group (Fig- 1). The majority of
subjects discontinuing the study cited difficulty maintaining
the scheduled visits as the primary reason, and follow-up
were obtained for only 1 of the these women,

o (8} It ic d that this
dhiet would induce ketosis. After 2wk of dieting, subjects wiere permithed
o irscrease their intake of carbobydrate o 40-60 /o only if self-testing
of urinary ketones continued 1o indicate ketosis. The cther group of
dieters was instructed an a calarie-restricted, rmdmul) low fat diet
with a
1 tedn, and 3% fat. Cal, d an body si
and calculated using the Hmu.l\emm equation [24]

Twi registered dietitians delivered a 3-month intervention aimsed at
proemoting dietary compliance, Group meetings with subjects on the
sarme diet were held biweekly on the University of Cincinnati campus
aned addd ki fips, stress behavior
and relapse prevention. On alternating weeks, subjects mes for individ-
ual courseling sessions during which their assigned dietitian reviewed
their 3-d food records from the previous week, analyzed by Nutritionist
W (First Data Bank, San Bruno, CA), and provided dietary recommen-
dations and positive reinforcement. Subjects were advised to continue:
thilr baseling level of activity. To control for possible bias, each dietitian
was assigned subjects from each diet f.mup for counseling and alker-
nated as the meeting facilitabor for both groups of dieters, Before each
winkly session, subjects submithed 3-d food records and were weighed
o a single electronic scabe (Tanita, Arfirgton Heights, 1L} Blood pres-
sure was measured, and assessment of urinary ketones was performesd
using Ketostix (Bayer Corp, Elkhart, IN). At the end of the 3-month

One subject from each diet group dropped out due to dislike
for their assigned diet. Age and anthropometric character-
istics of those subjects completing the study are included in
Table 1.

Nutrient intake

Subjects randomized to the low fat (n = 20) and the very
low carbohydrate (n = 22) diet groups consumed similar
amounts of calories at the initiation of the diets (1707 + 104
and 1608 * 123 keal respectively) with similar distribution of
macronutrients (Fig. 2). Based on the results of the weekly
food records, subjects complied with their assigned diets.
Although subjects on the carbohydrale-restricted diet were

226 Scrmened for Eligibilty

168 Excludod in Takephana Screan H 4 Exchuded i On-site Screan ‘

155 i ot meet criteria 2 had abrormal EKGs.
5 decided net %o paricpate 2 decided nct to participate

i weight loss
efforts, but withaut scheduled contact with the dicfifisns until the
Gemanth assessment.

ﬁua.i‘ynrs

otal chol 1. LOL chal

I high densiy 11

[due to intalerance o blood draw)

of b
pnpm-eln (HDL) chalosturol, glucose, insulin, leptin,
tyrate, and trig) i
miethieds (25-27), The results of DEXA and biochermical analyses were
minde by personnel blinded to the group assignment of the subjects,

53 Randomized to Diet Inferventon

Statistics
) | 27 Alocated 1o Low Ft Diet | |26 Alocated to Low Carb Diet |
Basel pared between the two groups us-
ing f tests. To assess the effects of the diets, two-way Mmeasures

ANOVA, with time as the repeated factor, was performed using the
software package SAS [version 82, s.l\s I.l|=mubc Inc., Cary, NQ The
leved of et and
fime ared the interaction effect. If the main effect was 5|gmf|ﬂl|l the
Bonferronl multiple compartson was implemented to determing the
specific differences. If the inferaction was significant, the Bonferroni
adjustment wis used t0 keep the overall level of significanos at 105,
Differences between groups are indicated only when there i a signif-
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3. Participants of the study split into two groups: 1. very low carbohydrate (high fat) ketogenic diet
that they were allowed to consume "at will" (meaning, they were not prompted to necessarily
try to count calories or how much they were consuming), and 2. a calorie restricted, low fat
diet. Participants were randomly assigned to avoid bias. Participants worked with two dietitians
over the first 3 month period and participants met with counselors over the weeks going over
their nutrition tracking for the week. The final 3 months the participants were not given weekly
check ins (making the study last a total of 6 months).
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not specifically asked to limit caloric intake as were those on
the low fat diet, both groups reported a decrease in caloric
intake of apy ly 450 calories ¢ 1 with basel

Although caloric intakes in the two groups were similar, the
proportions of carbohydrate, protein, and fat consumed dif-
fered dramatically. At 3 months, caloric intake in the very
low carbohydrate diet group was distributed as 15% carbo-
hydrate, 28% protein, and 57% fat. In contrast, the low fat diet
group had daily calories distributed as 54% carbohydrate,
18% protein, and 28% fat. At 3 months, the very low carbo-
hydrate diet group consumed significantly less carbohy-
drate, vitamin C, and fiber and significantly more protein,
total fat, 1 fat, d fat, polyuns

rated fat, and cholesterol than the low fat diet group (P < 0.01
for all comparisons). At 6 months, the two groups still dif-
fered significantly for most of these measures (Table 2).

Weight and body composition

Body weight and body fat in the low fat and very low
carbohydrate groups were similar at baseline (Table 1). After
the initiation of the diets, both groups had a decrease in body

J Clin Bodocrinol Metab, April 2000, $8(ar1617-1625 1619

weight that was more rapid in the earlier weeks of obser-
vation and became less p 1 as the study prog
{Fig. 3). The women in the very low carbohydrate group lost
an average of 7.6 = 0.7 kg after 3 months and 85 = 1.0 kg
after 6 months of diet. Women following the low fat diet lost
42 = 08and 39 = 1.0kgat 3 and 6 months, respectively. The
amount of weight lost was significantly greater in the very
low carbohydrate group compared with the low fat group,
whether analyzed as intention to treat with all randomized
subjects in the analysis (P < 0.001 at 3 and 6 months) or with
only the subjects who completed the trial (Fig. 3; P < 0.001
at 3 and 6 months
Body composition data for the two groups of women are
shown in Table 3. Both fat mass and fat-free mass decreased
significantly (P < 0.001) in the two groups over the course of
the trial. However, similar to body weight, fat mass and lean
body mass decreased significantly more in the very low
carbohydrate group compared with the low fat group at both
3 and 6 months (P < 0.01). The reduced fat mass comprised
50-60% of the weight lost in both groups. There were no
changes in bone mineral content over the course of the study.,

TABLE 1. Ago and anthropometric characteristics bofore diet initiation of subjocts who completed the 6-manth study

Law fut diet growp (n = 20

Very low earbobydrate diet group (n = 22)

Mean () Range Mean (s0) Range 3

Age (yr) 43.10(8.56) 31.06-58.55 4.2 (6.84) 29.01-53.49 064
Height (m) 1.65 (0.05) 158-1.75 1.66 (0.07) 156-1.79 0.58
Weight (kg) 92.31(6.0) £3.4-106.2 91.20 (8.4) 76.9-113.7 061
BAIF 34.04(1.83) 20.57-36.05 3317 (1L.83) 90.67-97.08 013
Body fat (%) 41.34(2.70) 47.3-47.6 41.26 (3.67) 36.2-50.1 0.93

2 Body mass index (BMD = weight (kgVheight (m)".
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Table 1

This table shows the baseline characteristics of the two groups - so, this is before the study
started.

Primary Results
- There were no significant differences between the two groups.

We will be able to compare the groups against each other, because they are
similar enough at the beginning of the study.

Figure 2

This figure shows the kcalorie consumption, per day, at the beginning of the study (baseline), then
again at 3 months and at the end (6 months); it also shows the proportion of each macronutrient
(Lines = carbohydrates, White = protein, Black = fat). Low Carb Group = Ketogenic Diet without
instructed kcalorie restriction; Low Fat Group = Instructed kcalorie restriction diet, high carbohydrate.

Primary Results
- Both diets led to a significant decrease in kcalorie consumption.

© The Ketogenic diet (Low Carb Group) may have an innate satiety effect leading to
lower kcalorie consumption without having to be mindful of kcalorie intake.
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TABLE 2. Mean nutrient intake of women before and after 3 and & moaths of dieting

Busaling A montha & momiths Revomsended intaks”
Vory low cmhnhydvm diet group (n = 22}
Camhﬂl 188,92 96.98° =65% total keal
n g .32 7415 10-15% total keal
Tatal Fat (g1 65,75 545" =50 tatal keal
Saturated fat (%) 124 174" =10% total keal
Monunsaturated fat (%) k1 15,8 105 tatal keal
Polyunsaturated fat (%) 6.2 B2 10 total keal
Cholesterol (mg) 21525 265.44" =
Vitamin C (mg) 7026 58.46 75
Falate (g 165,14 165,88 404
Caleium (mgh £90.81 TER.01 1040
Fiber (g1 1208 B4l 2035
Low Fand.uenmuo i = 200
Carbohydrate 200,06 16286 =55% tatal keal
Protein ig) 56,06 54.74 10-15% total keal
Total fat {g) TLED 43,13 =50 tatal keal
Saturated fat (%) 123 111 =10% tatal keal
Monounsaturated fat (%) 11 7.3 105 total keal
Palyunsaturated fat (%) 58 a7 105 total leeal
Cholesteral (mg) 273.51 182.21 <30
Vitamin C img) 7692 63.14 7
Falate {ug 170,96 193,90 400
Calcium (gh 607,25 G622 0
Fiber (g 1248 12.35 2035

* Recommended intake for females, 1950 yr of age.
* Danates valises diffarent from the bow fat diet group, P = .05,
* Denotes values different from the low fat diet group, P = 001,

——Low-Fat —— Very Low-Carbehydrate

8

=
4

Body Weight (kg)
&

T

T 1T
01 234567889101112 24
Time (weeks)

Pm 4 Mesm hmdv wlzh\ M‘woma\ ramiomlned to ery low carba-
b trial. The firse
time pulub(wk 1I n‘mwnla Lhe uuhml.s’lm‘.lv weights immediately
befure randomization. Follow-up for the 2 proups included 17-20
subjects in the Jow Fat group and 19-23 subjects in the very low
enrbohydrate group. Far subjects missing o follow-up visit, their lust
recarded weight i included in the caleulation of the group mea.
*, Value differont from very low diet group {i.e. signif-
icant interaction of time le diat), P = 0001

Plaswa J'Jprd's Mean p]asma onmenlratmns of mu] r;ho]&q-
terol, . LDL and HDL

were nurm1l in each of the two groups before starting the
dicts, A significant interaction (P < (0L05) was found for
plasma triglycerides, but this was probably due to a differ-
ence between the groups at baseline. Differences in plasma
lipids between the groups were not detected at the 3- or
&-month assessments (Table 4). Significant time effects (P <
(.01} for all of the plasma lipids indicated that the subjects
unpnwed thmr Ilpld profiles durmg the course of the study,
with si in total chol 1, LDL choles-
terol, and triglycerides at 3 months and slgmflcﬂnrmclmscs
in HL chelesteral at & months (Table 4.

Fasting hormones and substrates. Fasting glucose and insulin
did not differ between the two groups at the 3- or d-month
assessments. However, significant time effects for glucose
(P =< 0.001) and insulin (P < 0.0001) indicate that the glucose
and insulin levels decreased significantly in the women on
baoth diets over the -month study (Table 5), There were no
differences in leptin levels between the two groups (Table 5).
Yet a significant time effect (P < 0.0001) shows that plasma
leptin levels decreased significantly in both groups of sub-
peth at 3 months (Table 5). A significant difference between

Cardiovaseular risk factors

EKG. There were no electrocardiographic abnormalities in
any of the subjects during the study.

Blood pressure. The blood pressures in the two groups were
within the normal range at the outset of the study and re-
mained so throughout the study (Table 4). Significant dif-
ferences in blood pressure were not found between the
groups during the study,
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groups was detected for plasma f-hydroxybutyrate, with
this ketone increasing significantly more in the very low
carbohydrate group at 3 months (P = 0.0005; Table 5),
Weekly testing of urinary ketones was positive in the ma-
jority of subjects on the very low carbohydrate diet and
negative in those on the low fat diet.

Discussion

The results of this study demonstrate that a very low
carbohydrate diet, taken without a specified restriction of
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Table 2

The researchers are showing the |nformal|on from the food Iogs from baseline, 3 months into their
iets (low nic and high ie and 6 months (end of the study).

Primary Results:

- Ketogenic diet has low carbohydrate intake and high fat intake.

- Low Fat diet has high carbohydrate and low fat intake.

- Ketogenic diet consumed more saturated and unsaturated fats than the low fat diet.
- Cholesterol consumption was higher with the ketogenic diet.

- Ketogenic diet consumed more protein.

- Ketogenic diet consumed less fiber.

: There are many differences in key nutrient consumption between the two diets, making
further results difficult to interpret.

Figure 3

The researchers are showing the change in bodyweight between the two diets.

Primary Results
- Both diet groups experienced weight loss.
- The ketogenic diet experienced more weight loss from week 12 onward.

While both groups lead to weight loss, the ketogenic diet leads to greater weight loss over a 6
month period.
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caloric intake, is effective for weight loss over a d-month
period in healthy, cbese women. Compared with the low fat
group, who followed a diet conforming to currently recom-
mrndrd dlsl‘nhuhunsufmarrvnutncntmlurlrs the very low
group lost mare weight, a finding
thatwas apparent both when the women completing the diet
were considered alone and when the data were analyzed
using intent to treat principles. In addition, despite eating a
high percentage of calories as fat and having relatively high
intakes of saturated fal and cholesterol, the women in the
very low carbohydrate group maintained normal levels of
blood pressure, plasma lipids, glucose, and insulin. These
data suggest that the deleterious effects of diets containing
a high percentage of fat on body weight and cardiac risk
factors are mitigated by restriction of caloric intake and as-
sociated weight loss.
The subjects recnmed [r.n' this slud) were hea]thy adu]l

4 Clin Endocrinel Metab, April 2000, S5(4r1617-1621 1621

hydrate group lost 3.0 kg during the fiest 2 wk, or 39% of their
mean 3-month weight loss. We analyzed body composition
at 3 and b months of dieting, well after the expected period
s, Char analysis of body compuosition showed that
ight lost in the very low carbohydrate dict group
ounsmed of a similar percentage of fat mass as in the low fat
diet group. Thus, we think it is very unlikely that differences
in weight between the two groups at 3 and 6 months are a
result of disproportionate changes in body water in the very
low carbohydeate dieters.

The mechanism of the enhanced weight loss in the very
Tow carbohydrate diet group relative to the low fat diet group
is nat clear. Based on dictary records, the reduction in daily
caloric intake was similar in the two groups. For the greater
weight loss in the very low carbohydrate group to be strictly
a result of decreased caloric cansumptlon. they would have
had to consume appmnmalely 300 fewer calories/d over the

women who ibese by
such they were representative of many American women
who embark on weight loss efforts each year using the al-
ternative dietary plans currently marketed in this country.
Although compliance with the diets was assessed primarily
by dietary records, these data are supported by more objec-
tive measures. For example, the average 3-month weight loss
in the low fat dlet group (4 kg) is what would be expected
for i their daily caloric
about 400 keal {28), approximately the restriction these
waomen reported making,. In addition, there was a significant
correlation between changes in caloric intake and
weight loss (r = 0.41; P = 0.001). Finally, the presence of
measurable ketonemia and ketonuria in the very low car-
bohydrate group is consistent with severe carbohydrate re-
striction and was not seen in the low fat dieters. Thus, we
believe that the outcomes of this study can be attributed
ily to diffe in the ibed diets of the two
smnpa and are app]ncable to the large number of obese, but
i very low car-

bohydrate dicts,

Cme conclusion of previous reports on low carbohydrate
diets was that the increased weight loss was due to the
diuresis that ac\:ompames severe caloric lesmmorn or was

first 3 months th fat di 28). Although
the inaccuracy of dietary records for obese individuals is well
documented (31, 32), it seems unlikely that a systematic
discrepancy of this magnitude occurred between groups of
subjects who were comparably overweight. Therefore, it is
difficult to explain the differences in weight loss between the
twao groups primarily as a function of differing caloric intake.
Despite instructions to maintain baseline levels of activity, it
is possible that the women in the very low carbohydrate diet
group exercised more than those in the low fat diet Broup.
Ad.dltlm\ally |t is possible that consuming a very low car-
bohyd resting or p lial energy ex-
prndll\m: ic possibility that d:iﬁ:u‘ﬂct‘s in the macronu-
trient composition of the diet alter energy expenditure is an
interesting question that bears further investigation.
Another unexplained, but important, observation was the
spontanecus restriction of food intake in the very low car-
bohydrate diet group to a level equal to that of the control
subjects who were following a prescribed restriction of cal-
ories. This raises the possibility that the very low carbohy-
drate diet may have been more satiating, Previous studies
have suggested that, calorie for calorie, protein is more sa-
tiating than either carbohydrate or fat (33, 34), and it may be
that the higher consumption of protein in the very low car-

due to dy d body water,
depletion of stored glycogen (29, 3.1} However, Ihese ﬁludmf.
were of very short duration, from 1-2 wk in length. Most
diets that have a significant restriction of calories cause a
sodium divresis that occurs over the first whk or 2 of their use,
and in fact, we noted the most rapid weight loss in both
groups over this period. The low fat diet group lost 16 kg in
the first 2 wk, representing 38% of their mean weight loss
during the first 3 months of the study. The very low carbo-

bohyd diet group played a role in limiting food intake.
Another explanation for restricted food intake in the very
Tow carbohydrate group is that food choices were probably
greatly limited by the requirements of minimizing carbohy-
drate intake, and that dietary adherence per s may have
forced caloric restriction due to practical factors. Although it
has been proposed thal ketosis developing from severe car-

intake toa decrease in appetite (8}, this
does not seem likely based on our data. Although the women

TABLE 3. Means (and 50} of body composition mensures of women before and afier 3 and 6 months of dieting

Very bow crbohydrate diet group in = 220

Low fut diet greup in = 200

# months

Baseline 3 months & months

Baseline 3 months
Baody fat ig)
Beane mineral 2.762.81321.2) 2,799.2 (313.7)
ontent (g

FTAT.04.767.7) 3008527 (4,756.8) 32,5540 (5170.5) 376279 (2651.8) 135306.5(3,6024) 358533 (4,125.2)
2,775.7(312.7)

2,618.7 (284.7) 2,527.7 (288.2) 2,7H2.6(206.7)

E
Lean body mass (g} 50,3859 (5909.9) 475653 (5,9220) 48418.0° (5.871.5) 51,026.8(5010.4) 50,181.3(5124.9) 50,205.8(5,197.5)

“ Denotes value different from the low fat group (Le., significant intersction of time and diet), P < 001,
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Table 3

This tables shows the change from baseline (pre-study), 3 months, to 6 months in body fat, bone mineral content,
and lean body mass (like muscle and bone). Statistics only compare between the groups, not baseline vs 6 months.

Primary Results

- Body fat decreased more for the ketogenic group.
- Bone mineral density was maintained.

- Lean mass decreased more for the ketogenic diet.

_ The ketogenic diet leads to greater fat loss, but may also have greater lean mass loss.
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TABLE 4. Means {and 8&} of blood pressure and plasma lipid concentrations of women before and after 3 and 6 months of dieting

Laow fat diet group (n = 200

Very low carbohydrate diet groap in = 221
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Brehm ef al. * Trial of 0 Very Low Carbohydrate Diet

following the very low carbohydrate diet developed signif-
icant ketonemia, the elevation of circulating f-hydrosybu-
tyrate was mild, well below what s seen in other clinical
states of ketosis, such as starvation and diabetic ketoacidosis
{26, 35), and was noted only at 3 months. In addition, there
was no correlation between the level of plasma B-hydroxy-
butyrate and weight loss (r = 0.2% P = 0.43),

This study provides a surprising challenge to prevailing
dietary practice. The current standards for healthy eating
include reducing total fat intake to less than 30% of total
calories and decreasing saturated fat intake to less than 10%,
This recommendation is based on a large body of primarily
epidemiological data and is intended to lower plasma cho-
lesterol {23), but has been extended by some experts as a
means to decrease the risk of obesity. Howev er, the subjects
on the very low carbohydrate diet
mose weight loss than the low fat 3mup and maintained
comparable levels of plasma lipids and other cardiovascular
risk factors while consuming morne than 50% of their calories
as fat and 20% as saturated fat. These data indicate that the
role of macronutrient distribution in individuals who are on
weight loss diets needs to be further investigated. In partic-
ular, it seems likely that in the short term, a decrease in total
caloric intake with accompanying welght loss has a greater
impact on nutritionally sensitive parameters such as plasma
lipids than do the macronutrient constituents of the diet.

The results of this study are applicable to healthy persons,
but extension of our findings to subjects with established
cardiovascular risk factors should not be made without fur-
ther careful investigation. The mean levels of blood pressure,
glucose, and plasma lipids in our subjects were normal and,
in fact, lower than the average values for American adults
{36} It is possible that very low carbohydrate diets, with high
relative intakes of protein and fat, would have deleterious
effects in subjects with hyperlipidemia, diabetes, or other
metabolic disorders.

Although advocates for very low carbohydrate diets are
likely to embrace the results of this study, several points of
caution need to be emphasized. First, a single study of a
specific dietary regimen cannot provide a full assessment of
safety and efficacy. Despite this study being the longest ran-
domized, controlled trial of a very low carbohydrate diet
reported, our results are still limited by the 6-month time
frame. Whether the very low carbohydrate diet will produce
sustained weight loss and continued improvement in car-
diovascular risk factors over longer periods of time remains
to be determined; the gradual increase in carbohydrate con-
sumption in the final 3 moaths of the study suggests that
some degree of recidivism is likely in persons on this diet. In
addition, increased dietary fat has been linked to certain
types of cancer (37) and may have effects on cardiovascular
health beyond the risk factors assessed in this study. There
was also a low intake of calcium and fiber in the very low
carbohydrate group that would need to be addressed if this
diel were to be used for Innger periods. Fma]l) ]nngirand
Jnskemslshar.lwan fated with
i children after a ketogenic diet o treat intractable seizures
{38). Despite these concerns, the present results indicate ﬂ1ur
there are imp g and poorly und ef-
fects of severe carbohydrate restriction that warrant further
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Table 4

The researchers are showing the blood values of both diet groups at baseline, 3 months, and after 6 months - only
comparing against group vs group.

Primary Results

- Blood pressure is unaffected by either diet.

- Cholesterol is unaffected by either diet.

- LDL, HDL cholesterol and triglycerides are unaffected by either diet.

_: Neither diet affects blood pressure, ct or tri idesr i or
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TABLE 5. Means (and st) of substrate and hormene concentrations of women before and after 3 and 6 months of dieting

Very bow carbuhydrate diet group in = 22)

Lorw £st divt grougs {n = 203

Tiaseline I months & manths Daseline 1 months & munths
Glucose (mgfdl) 99.14{2.8) 83.812.7) 90.1(2.1) SL12.1} B90.5(2.5) BT.512.0)
Insulin (pU/ml) 16.8(1.8) 11611.2) 1440040 23.80(2.34) 18.142.5) 18412.1)
Leptin (ng/ml) 25.43(1.49) 16.23 (1.09) 21681(1.49) A0.08 (1.88) 25.35 (1.82) 20.40(2.58)
B-hydraxybutyrate (mg/dl) 1.04 (0,313 4.30° (1100 1.5240.51) 1.0 (D400 1.17(0.27) 1.14(0.44)

To comvert to 51 units, multiply ghucose imgld])  0.0555 = mmelliter; multiply insulin (uWml) % 6845 = pmolliter; multiply f-hydroxy-

butyrate (mgidl) % B.05 = wmolliter.

“ Denotes value different from the low fat group (Le., significant internction of time and diet), P < 0.01.

Investigation as we seek effecti
manage the epidemic of obesity.

e therapeutic stralegies to
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Table 5

This table shows the blood values looking at blood sugar, ketones (B-h
and insulin).

and two key hormones (leptin

Primary Results:

- Blood glucose (sugar), insulin, and leptin were no different between both groups across time.

- B-hydroxybutyrate (ketone) is elevated (compared to other diet group) in the ketogenic diet, but only for the 3 month
mark.

This implies something pretty damning, because while the ketogenic diet group was in ketosis for
the first 3 months, they were not in the final 3 months - meaning they were only in a strict "ketogenic" state for half the
time of the study. Still, all other parameters were not different between groups.




